Gibbs energies of formation of CoF2 and MnF 2 have been measured in the temperature range from 700 to lt00 K using Al203-dispersed CaF 2 solid electrolyte and Ni + NiF2 as the reference electrode. The dispersed solid electrolyte has higher conductivity than pure CaF2 thus permitting accurate measurements at lower temperatures. However, to prevent reaction between A120 3 in the solid electrolyte and NiF2 (or CoF2) at the electrode, the dispersed solid electrolyte was coated with pure CaF2, thus creati.ng a composite structure. The free energies of formation of CoF 2 and MnF 2 are (+ 1700)J tool-l; AG~(CoF2, s) = -664,010 + 134.38T (700-980 K) AG~ (MnF 2, s)= -848,270 + 129"59T (700-980 K) = -850,200 + 131.56T (980-I100 K) The third law analysis gives the enthalpy of formation of solid CoF 2 as AH ° (298-15 K) = -672'69 ( + 0. I) kJ tool-1, which compares with a value of -671'5( • 4) kJmol -~ given in Janaf tables. For solid MnF2, AH°(298.15K)=-854"97(+0-13)kJ mol -i, which is significantly different from a value of -803-3 kJ mol-~ given in the compilation by Barin et al.
Introduction
Solid state galvanic cells are extensively used for determining thermodynamic mixing properties of alloy systems (Jacob 1985) . In most of the studies oxide electrodes and solid electrolytes are employed. In a few studies CaF 2 has been used as a solid electrolyte in conjunction with fluoride electrodes (Venkatraman and Hajra 1983; Egan 1985) . One of the reasons for the less frequent use of fluoride solid state cells for the study of alloy thermodynamics is the lack of accurate thermochemical data on metal fluorides. Calorimetric measurements of the enthalpy of formation of CoF 2 and MnF2 have not been reported in the literature. The free energy measurements for MnF2 reported by Skelton and Patterson (1973) and by Rezukhina et al (1974) do not agree. Heat capacities and entropies of CoF 2 were measured by Catalano and Stout (1955) and Binford et al (1967) , and those of MnF2 by Stout and Adams (1942), and Ehlert and Hsia (1972/73) . The standard heat of formation at 298.15 K can therefore be derived from accurate free energy measurements.
Recently it has been shown that a fine dispersion of inert insulating phases such as A120 3 and CeO2 in CaF2 can increase its conductivity by two to three orders of magnitude at temperatures near 700 K. The conductivity of A12Oa-dispersed CaF2 has been shown to be entirely ionic by Vaidehi et al (1986) . One of tile aims of the present study is to explore the use of A1203-dispersed CaF 2 electrolyte for thermo-K T Jacob and J P Hajra dynamic studies, especially at lower temperatures where the response of conventional cells based on pure CaF 2 electrolyte is sluggish.
Fluorides of manganese and cobalt are used as catalysts in hydrocarbon isomerisation and polymerisation reactions. Manganese fluoride also finds application in optics and electronic industries. The knowledge of the stabilities of these fluorides would be useful in optimising the procedures for their synthesis and applications at elevated temperatures.
Experimental techniques

Materials
Ultrapure anhydrous CaF2 (99"999~o) powder was supplied by Alpha Ventron Division, USA. The alumina powder of 99"8'~o purity was prepared by precipitation from solution and subsequent calcination at 1400 K in air. The average particle size of AIEO 3 was 0-02 ~m. The AlEO3-dispersed CaF2 electrolyte was prepared by mixing CaVE+A1203 powder !n an agate mortar. The CaF 2 pellets containing 2 molto AlEO3 in dispersed form were made from the intimate mixture by double end compression. The composite solid electrolytes were made by sprinkling a small amount of pure CaF 2 over the lower steel plunger, then the required amount of CaFE containing 2 molto AIEOa mixture was added, followed again by sprinkling pure CaVE powder in the steel die. The upper steel plunger was then inserted and compressed to 200 M Pa. The result was a composite pellet of AlEOa-dispersed CaF2 with a coating of pure CaF E, approximately 100/~m in thickness, on the two flat surfaces as shown in figure 1 . The pellets were sintered under prepurified argon gas at 1400 K for up to 180 ks. The argon gas, 99"99~o pure, was dried by passing through magnesium perchlorate and then through soda asbestos for removal of COE. The gas was subsequently deoxidised using copper at 750 and titanium at i 150 K.
Powders of Mn, Co, Ni, MnFE, CoF2 and NiF2 of puratronic grade were supplied by Johnson and Matthey Chemicals Ltd. Pellets containing equimolar mixture of Ni + NiF 2, Co + CoF 2 and Mn + MnF2 were prepared by compression in a steel die. Single crystals of CaF 2 were supplied by Harshaw Chemical Company. 
Apparatus and procedure
